Introduction
============

Food security, in its most basic sense, is the realization of the fundamental human right to sufficient food. Beneath the surface of this basic notion, food security is a complex, multidimensional concept. Set forth at the World Food Summit of 1996, food security is defined as a state in which, "... all people, at all times, have physical and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life" ([@b1]). This definition suggests that to ensure food security food must be available, accessible, and properly utilized consistently over time in a manner that is in line with social and cultural preferences. Food insecurity, then, is the absence of ≥1 of those conditions.

Reliable measures are crucial to monitoring and addressing food insecurity and for targeting and evaluating programs and policies that may affect it ([@b2], [@b3]). Because of the multidimensionality of food security, its measurement is complex, and there is no single gold standard measure ([@b3]--[@b5]). The Household Food Insecurity Access Scale (HFIAS) is one method developed to measure the household-level "access" dimension of food insecurity or whether households have sufficient resources to obtain the quantity and quality of food needed to support a nutritious diet ([@b6]). It is a self-reported, experience-based measure of household-level access to food that combines behavioral and psychological responses to inadequate access to food ([@b2]). The HFIAS has been validated in several developing-country settings, including Tanzania ([@b7]), Burkina Faso ([@b8]), and Ethiopia ([@b9]), although it is not recommended for crosscultural comparisons ([@b10]).

This article describes the impacts of the provision of lipid-based nutrient supplements (LNSs) given to women during pregnancy and the first 6 mo postpartum and/or to their children on household food insecurity as measured by the HFIAS. The results are based on analyses of longitudinal food-security data that were collected during 4 randomized trials: 2 efficacy trials in Malawi and 1 efficacy trial in Ghana, all conducted by the International Lipid-based Nutrient Supplement (iLiNS) Project research consortium, and 1 effectiveness trial in Bangladesh, the Rang-Din Nutrition Study (RDNS).

These studies, and others testing the efficacy or effectiveness of LNSs, have shown mixed results in terms of child growth and development ([@b11]). With regard to the 4 randomized trials included in this article, in the iLiNS DOSE trial in Malawi, child supplementation with LNSs from 6 to 18 mo of age did not affect length gain or prevent stunting ([@b12]), nor did it affect child development ([@b13]). In the iLiNS DYAD trial in Malawi (DYAD-M), maternal supplementation with LNSs during pregnancy through the first 6 mo postpartum and child supplementation with LNSs from 6 to 18 mo of age did not affect birth outcomes ([@b14]), child growth ([@b15]), or development ([@b16]). In the iLiNS DYAD trial in Ghana (DYAD-G), however, maternal and child supplementation with LNSs increased birth size, particularly among first-time mothers ([@b17]) and maternal-plus-child supplementation increased the mean attained length at 18 mo of age ([@b18]), although child development at 18 mo of age was not affected ([@b19]). Finally, the RDNS effectiveness trial in Bangladesh showed that maternal supplementation with LNSs improved several birth outcomes, including mean birth weight, length, and head circumference, and reduced the prevalence of newborn stunting ([@b20]), and maternal-plus-child supplementation improved child growth and development through 24 mo of age ([@b21], [@b22]).

The energy contributions of the LNSs provided through these interventions were relatively small (∼55--241 kcal/d for the DOSE trial and 118 kcal/d for the DYAD-M, DYAD-G, and RDNS trials), and the supplements were intended to fortify, not replace, foods consumed as part of the regular diet. And although the primary hypotheses of the randomized trials were specific to birth outcomes and/or child growth and development, several features of the provision of LNSs raised the possibility that they may have improved the access dimension of household food insecurity. In particular, the food-based supplements were provided regularly and reliably over extended periods of time (daily for between 1 and \>2 y), they were of high nutritional quality, and they were provided specifically to nutritionally vulnerable members of the households (pregnant and breastfeeding women and young children). This article reports results of crosscountry analyses to determine whether the provision of LNSs through these interventions influenced household food insecurity as measured by the HFIAS score.

Methods
=======

### Study designs.

The study designs for the 4 randomized trials have been described elsewhere in detail ([@b12], [@b15], [@b18], [@b20]) and are summarized in [**Table 1**](#tbl1){ref-type="table"}. The DOSE trial was designed to test the efficacy of various doses and formulations of LNSs for promoting child growth. Rolling enrollment of children was conducted from November 2009 to May 2011. At ∼6 mo of age, children were randomly assigned to 1 of 5 intervention groups or a delayed-intervention control group. Children in the intervention groups received daily LNSs for 12 mo in one of the following doses and formulations: *1*) 10 g LNS containing milk powder, *2*) 20 g LNS without milk powder, *3*) 20 g LNS containing milk powder, *4*) 40 g LNS without milk powder, or *5*) 40 g LNS containing milk powder. The delayed-intervention control group received no supplementation during the 12-mo intervention period. All children in the trial, regardless of intervention group, received weekly morbidity surveillance and referral by study staff.

###### 

Study designs[^1^](#tblfn1){ref-type="table-fn"}

  Trial                                DOSE                                                      DYAD-M                                                                                                                            DYAD-G                                                                                                                            RDNS
  ------------------------------------ --------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Site                                 Mangochi District, southern Malawi                        Mangochi District, southern Malawi                                                                                                Yilo Krobo and Lower Manya Krobo districts, Eastern Region, Ghana                                                                 Badarganj and Chirirbandar subdistricts, northwest Bangladesh
  Randomization                        Individual child                                          Individual mother                                                                                                                 Individual mother                                                                                                                 Cluster, defined by community health workers' supervision areas
  Intervention period                  6--18 mo                                                  \<20 wk gestation to 18 mo postpartum                                                                                             \<20 wk gestation to 18 mo postpartum                                                                                             ≤20 wk gestation to 24 mo postpartum
  Intervention groups                  LNS-10gM                                                  LNS: 20 g LNS/d for women during pregnancy and first 6 mo postpartum; 20 g LNS/d for their children from 6 to 18 mo old           LNS: 20 g LNS/d for women during pregnancy and first 6 mo postpartum; 20 g LNS/d for their children from 6 to 18 mo old           Comprehensive LNS: 20 g LNS/d for women during pregnancy and first 6 mo postpartum; 20 g LNS/d for their children from 6 to 24 mo old
                                       LNS-20g                                                   MMN: Daily multiple micronutrient capsules for women during pregnancy and first 6 mo postpartum; no child supplementation         MMN: Daily MMN capsules for women during pregnancy and first 6 mo postpartum; no child supplementation                            Child-only LNS: daily IFA capsules for women during pregnancy and every other day for first 3 mo postpartum; 20 g LNS/d for their children from 6 to 24 mo old
                                       LNS-20gM                                                  IFA: Daily IFA capsules for women during pregnancy; daily 200 mg Ca placebo for first 6 mo postpartum; no child supplementation   IFA: Daily IFA capsules for women during pregnancy; daily 200 mg Ca placebo for first 6 mo postpartum; no child supplementation   Child-only MNP: daily IFA capsules for women during pregnancy and every other day for first 3 mo postpartum; daily MNP for their children from 6 to 24 mo old
                                       LNS-40g                                                   ---                                                                                                                               ---                                                                                                                               Control: daily IFA capsules for women during pregnancy and every other day for first 3 mo postpartum; no child supplementation
                                       LNS-40gM                                                                                                                                                                                                                                                                                                                      
                                       Control: delayed intervention control                                                                                                                                                                                                                                                                                         
  Number enrolled                      1932                                                      869                                                                                                                               1320                                                                                                                              4011
  Number in food-insecurity analysis   1360                                                      776                                                                                                                               1214                                                                                                                              3747
  Combined groups                      LNS: LNS-10gM + LNS-20g + LNS-20gM + LNS-40g + LNS-40gM   LNS: LNS                                                                                                                          LNS: LNS                                                                                                                          Maternal LNS: comprehensive LNS[^2^](#tblfn2){ref-type="table-fn"}
                                       No LNS: control                                           No LNS: MMN + IFA                                                                                                                 No LNS: MMN + IFA                                                                                                                 No maternal LNS: child-only LNS + child-only MNP + control[^2^](#tblfn2){ref-type="table-fn"}
                                                                                                                                                                                                                                                                                                                                                                     Child LNS: comprehensive LNS + child-only LNS[^3^](#tblfn3){ref-type="table-fn"}
                                                                                                                                                                                                                                                                                                                                                                     No child LNS: child-only MNP + control[^3^](#tblfn3){ref-type="table-fn"}

DYAD-G, DYAD trial in Ghana; DYAD-M, DYAD trial in Malawi; IFA, iron-folic acid; LNS, lipid-based nutrient supplement; LNS-10gM, 10 g lipid-based nutrient supplement/d with milk; LNS-20g, 20 g lipid-based nutrient supplement/d without milk; LNS-20gM, 20 g lipid-based nutrient supplement/d with milk; LNS-40g, 40 g lipid-based nutrient supplement/d without milk; LNS-40gM, 40 g lipid-based nutrient supplement/d with milk; MMN, multiple micronutrient; MNP, micronutrient powder; RDNS, Rang-Din Nutrition Study.

Combination 1 includes periods 1 and 2, which spanned the portion of the intervention from birth of the child through the end of maternal supplementation.

Combination 2 includes periods 3--5, which spanned the child supplementation portion of the intervention.

A pair of randomized controlled trials known as the DYAD trials were conducted in Malawi (DYAD-M) and Ghana (DYAD-G) to test the efficacy of LNSs provided to women during pregnancy and the first 6 mo postpartum and to children from 6 to 18 mo of age on birth outcomes and child growth. Rolling enrollment of pregnant women who were at \<20 wk gestation occurred between February 2011 and August 2012 in DYAD-M and between December 2009 and December 2011 in DYAD-G. In both trials, women were randomly assigned to 1 of 3 intervention groups. During pregnancy and the first 6 mo postpartum, women in one group received a daily dose of 20 g LNS product designed for maternal consumption, and from 6 to 18 mo of age, the children of women in that group also received a daily dose of 20 g LNS product designed for children. Another group received a daily multiple micronutrient capsule during pregnancy and the first 6 mo postpartum (no child supplementation). A third group received a daily iron-folic acid (IFA) capsule during pregnancy, which is a component of the standard of antenatal care in Ghana and Malawi, and a daily 200-mg Ca placebo for the first 6 mo postpartum (no child supplementation). All mothers and children participating in the DYAD-M and DYAD-G trials also received biweekly (mothers) or weekly (children) morbidity surveillance and referral by study staff.

The RDNS effectiveness trial in Bangladesh was implemented in partnership with LAMB, a nongovernmental organization that provided community-based health services to women and children in the study area. RDNS was a cluster-randomized trial with 4 intervention groups, with clusters defined based on the LAMB community health workers' 64 work areas. Rolling enrollment of pregnant women who were at ≤20 wk gestation occurred between October 2011 and August 2012. Women randomly assigned to the comprehensive LNS group received 20 g LNS/d through pregnancy and the first 6 mo postpartum, and their children received 20 g LNS/d from 6 to 24 mo of age. Another group of women received daily IFA capsules during pregnancy and the first 3 mo postpartum, and their children received LNSs from 6 to 24 mo. A third group also received IFA capsules during pregnancy and the first 3 mo postpartum, and their children received micronutrient powder from 6 to 24 mo. A final group served as the control and received IFA during pregnancy and the first 3 mo postpartum (no child supplementation). All supplements were delivered by LAMB community health workers.

The combined groups in [Table 1](#tbl1){ref-type="table"} are based on pooling the intervention groups into 2 groups/trial: one group that received LNS and another that did not. In this article, the primary analysis was conducted with the combined groups, and a secondary analysis with the original assigned intervention groups was conducted as a sensitivity analysis.

All trials received ethical approval and were registered at [clinicaltrials.gov](http://clinicaltrials.gov). The DOSE (NCT00945698) and DYAD-M (NCT01239693) trials were approved by the Research and Ethics Committee of the University of Malawi College of Medicine and by the Ethics Committee of Pirkanmaa Hospital District, Finland. The DYAD-G trial (NCT00970866) was approved by the ethics committees of the University of California, Davis; the Ghana Health Service; and the University of Ghana Noguchi Memorial Institute for Medical Research. The RDNS trial (NCT01715038) was approved by the ethics committees of the University of California, Davis; the International Center for Diarrheal Disease Research, Bangladesh; and LAMB. The nutrient contents of all capsules and LNS products used in the 4 trials are available in **Supplemental Tables 1--3**.

### Study sites and participants.

Both the DOSE and DYAD-M trials were conducted in the Mangochi District in southern Malawi. DOSE participants were drawn from the semi-urban catchment area of the Mangochi district hospital and the rural catchment area of the Namwera health center. Women were recruited into the DYAD-M trial from the Malindi hospital (semi-urban) and Lungwena health center (rural) in addition to the 2 DOSE recruitment sites. The majority of the population in the Malawi study catchment areas were subsistence farmers and fishers. In Ghana, women were recruited from 4 health facilities operating along a busy commercial corridor running through the Yilo Krobo and Lower Manya Krobo districts in the Eastern Region of the country. The livelihoods of the population in the catchment area were largely supported through petty trade, operating shops and kiosks, and providing skills and services. The RDNS study population was drawn from 11 rural unions of the Badarganj and Chirirbandar subdistricts of the northwest region of Bangladesh where the population was primarily engaged in farming, petty trade, transportation, and construction.

### Data.

The HFIAS survey instrument, which was developed in generic form by the Food and Nutrition Technical Assistance Project ([@b6]), was adapted to each local setting. After enrollment, the adapted questionnaire was administered 2 times to each household in the DOSE trial, 4 times during DYAD-M, 3 times during the DYAD-G trial, and 5 times during the RDNS trial. These self-reported food-insecurity data were collected at multiple time points to document the food-insecurity context for each household at each stage during the intervention, which spanned multiple seasons and, in some cases, multiple years. The adapted survey questions for each trial are available in **Supplemental Methods 1**.

In the DOSE trial, the survey respondent was, in almost all cases, the mother or primary caregiver of the child enrolled in the trial. In the DYAD-M, DYAD-G, and RDNS trials, the survey respondent was the mother enrolled in the trial in almost all cases. For each of 9 food-insecurity access conditions, the survey respondent was asked whether anyone in her household had experienced the condition in the previous 4 wk. If yes, the respondent then indicated how frequently the condition occurred, where "rarely" was 1--2 times in the past 4 wk, "sometimes" was 3--10 times in the past 4 wk, and "often" was \>10 times in the past 4 wk. The HFIAS score, a measure of the degree of food insecurity ranging from 0 to 27, was then calculated as the simple sum of the frequency-of-occurrence responses, where "never" was 0 points, "rarely" was 1 point, "sometimes" was 2 points, and "often" was 3 points.

After the HFIAS questions were administered, respondents were then asked about strategies used to cope with food insecurity. The specific coping strategies were developed by using a subset of the generic strategies ([@b23]) and locally adapted through focus group discussions conducted at each site. The full text of the coping strategy questions, which were administered at each round of food-security data collection for the DOSE, DYAD-M, and DYAD-G trials and at 2 rounds of food-security data collection for RDNS, are available in **Supplemental Methods 2**.

For the DOSE, DYAD-M, and DYAD-G trials (and to a much lesser extent for the RDNS trial), at each round of food-security data collection, there was substantial variation in the actual timing of data collection visits relative to when the visits were scheduled to occur. To compare food-security observations across households with a similar duration of exposure to the intervention in our analyses, instead of grouping food-security observation by round of data collection, observations were grouped by period, where each period represented a block of time relative to the age of the child enrolled in the trial ([**Table 2**](#tbl2){ref-type="table"}).

###### 

Food-security data collection periods and sample sizes[^1^](#tblfn4){ref-type="table-fn"}

  Study and child age, mo   *n*
  ------------------------- ------
  DOSE                      
   11--15.9                 1127
   16--18                   785
  DYAD-M                    
   0--4.9                   732
   5--10.9                  621
   11--15.9                 658
   ≥16                      663
  DYAD-G                    
   0--4.9                   1109
   5--10.9                  1048
   ≥11                      983
  RDNS                      
   Baseline                 4008
   0--4.9                   3671
   5--6.9                   3534
   11--12.9                 3445
   16--18.9                 3418
   ≥23                      3438

DYAD-G, DYAD trial in Ghana; DYAD-M, DYAD trial in Malawi; RDNS, Rang-Din Nutrition Study.

Women and children were randomly allocated to intervention groups across seasons during the rolling enrollment periods of each trial, but to account for possible imbalances across seasons in subsequent periods of food-security data collection, a seasonally adjusted HFIAS score was constructed. Seasons were identified using cropping calendars and personal communication with local contacts at each site, and seasons were defined as season by year (e.g., the lean season in 1 y was coded separately from the lean season in the following year) to allow for annual variation in seasonal food insecurity. With periods defined as in [Table 2](#tbl2){ref-type="table"} corresponding to the child's age, the seasonally adjusted HFIAS score for household *i* in season *s* and period *p*, was then defined in Equation *1* as:

where was the average HFIAS score within the control group (IFA group in the case of the DYAD trials) in season *s*, and was the average HFIAS score within the control group (IFA group for DYAD trials) in period *p*. To preserve the integer nature of the score, seasonally adjusted HFIAS scores were rounded to the nearest integer, and negative scores were rounded to zero.

### Statistical methods.

The analyses were conducted by intent-to-treat and were performed separately for each trial. RDNS data from periods 1 and 2 were also analyzed separately from periods 3--5 because the combined intervention groups (described in [Table 1](#tbl1){ref-type="table"}) differed between the 2 sets of periods. Households with missed food-security visits were included in the analysis for all time points where data were available. In cases in which a food-security visit occurred far off schedule, resulting in 2 observations for the same household in one period, the visit closest to the scheduled date during that period was retained, and the other observation was dropped from the analysis. Analyses were conducted by using Stata 14 (StataCorp).

The seasonally -adjusted HFIAS scores are essentially count data, and for all trials the distribution of scores was positively skewed. The effects of the DOSE, DYAD-M, and DYAD-G interventions on household food insecurity were therefore estimated by using negative binomial models with a household-level robust variance estimation to account for repeated measures. The RDNS models were estimated by using mixed-effect negative binomial models with random effects at 3 levels to account for the cluster design and the repeated measures: households nested within community health worker work areas, work areas nested within regional unions, and unions. All models included fixed effects for the period of food-security data collection. For the DOSE, DYAD-M, and DYAD-G trials, the scheduled baseline round of food-security data collection was done after random assignment for many, but not all, households, so the baseline round was omitted from those analyses. The baseline round was collected before random assignment for all RDNS households and was therefore included in all of the RDNS analyses as a covariate control.

For all analyses, when the null hypothesis of no difference between intervention groups was rejected (*P* \< 0.05), pairwise comparison incidence rate ratios, which are ratios of predicted seasonally adjusted HFIAS scores in the LNS intervention groups to the predicted scores in the non-LNS groups, were estimated and are referred to as predicted score ratios (PSRs). For analyses with \>2 intervention groups, *P* values for post hoc pairwise comparisons of PSRs were adjusted for multiple comparisons by using Sidak's method ([@b24]). Interaction terms between intervention group and period of data collection were used to assess differences in the effect of intervention group by period and were further examined by estimating the group marginal means for each period.

Models that included an additional set of prespecified baseline covariates were estimated to determine whether adjusting for the additional covariates improved the precision of the estimated effects ([@b25]). Baseline covariates were included in the fully adjusted models if they were associated with the seasonally adjusted HFIAS score at the 10% level of significance in bivariate analyses. For all trials, season of food-security data collection, maternal age, and level of education and household electrification were included in fully adjusted models. For DOSE, maternal marital status and household distance to a main market were also included in fully adjusted models. DYAD-M and DYAD-G adjustment covariates also included maternal parity and household distance to a main market, and DYAD-M additionally included maternal marital status. In addition to the baseline seasonally adjusted HFIAS score, which was included in all RDNS models, RDNS fully adjusted models also included maternal parity and maternal BMI (in kg/m^2^). Effect modification by each baseline covariate was assessed by including a group-by-covariate interaction term.

When seasonally adjusted HFIAS scores were significantly different between intervention groups, secondary analyses of individual HFIAS questions and food-insecurity coping strategies were performed to understand the drivers of the effect. Responses to individual HFIAS questions as well as responses to questions about specific food-insecurity coping strategies were coded as dichotomous variables and analyzed by using logistic models with household-level robust variance or mixed-effect logistic models with random effects of union, cluster, and household.

Results
=======

### Baseline characteristics and balance.

For all trials, maternal and household characteristics ([**Table 3**](#tbl3){ref-type="table"}) were similar between combined intervention groups in the food-security samples with the exception of maternal education and maternal parity in the RDNS sample. Maternal education was slightly higher (6.4 ± 3.2 y compared with 6.1 ± 3.3 y, *P* = 0.02) in the maternal LNS group than in the maternal group with no LNS, and it was higher (6.4 ± 3.3 y compared with 6.1 ± 3.2 y, *P* = 0.01) in the child LNS group than in the child group with no LNSs. Mothers in the RDNS sample whose children received LNSs were also more likely to be nulliparous at baseline than were mothers whose children did not receive LNSs (42% compared with 38%, *P* = 0.03).

###### 

Baseline characteristics among households of the women who participated in randomized trials in Malawi (DOSE and DYAD-M), Ghana (DYAD-G), and Bangladesh (RDNS)[^1^](#tblfn5){ref-type="table-fn"}

                                             DOSE (*n* = 1099)   DYAD-M (*n* = 755)   DYAD-G (*n* = 1181)   RDNS (*n* = 3737)
  ------------------------------------------ ------------------- -------------------- --------------------- -------------------
  Maternal age, y                            25.8 ± 6.4          24.8 ± 6.1           26.9 ± 5.5            21.9 ± 5.0
  Maternal education, y                      4.5 ± 3.5           3.9 ± 3.5            7.4 ± 3.7             6.2 ± 3.2
  Maternal BMI, kg/m^2^                      21.8 ± 2.9          22.0 ± 2.8           24.8 ± 4.6            20.0 ± 2.6
  Mother married, %                          87.7                89.4                 NA                    99.9
  Mother nulliparous at baseline, %          NA                  21.7                 33.7                  40.2
  Household has electricity, %               7.3                 7.7                  85.0                  36.2
  Household distance to market, km           3.4 ± 2.8           2.0 ± 2.8            1.9 ± 1.8             N/A
  Baseline seasonally adjusted HFIAS score   NA                  NA                   NA                    1 (0, 5)

Values are means ± SDs or median (25th, 75th percentiles) unless otherwise indicated. DYAD-G, DYAD trial in Ghana; DYAD-M, DYAD trial in Malawi; HFIAS, Household Food Insecurity Access Scale; NA, variable was not available; RDNS, Rang-Din Nutrition Study.

### Effects on household food insecurity.

[**Table 4**](#tbl4){ref-type="table"} shows seasonally adjusted HFIAS scores by combined intervention group as estimated marginal means or average predicted group means adjusted for other effects in the models. Over the course of all food-security data collection periods, seasonally adjusted HFIAS scores did not differ significantly between the combined intervention groups in the DOSE or DYAD-G trials. In the DYAD-M trial, the PSR was 0.86 and was statistically significant (*P* = 0.01), indicating that household food-insecurity scores were 14% lower in households in which the mother and her child received LNSs than in households that did not receive LNSs. In the RDNS trial during pregnancy and the first 6 mo postpartum (periods 1 and 2), food-insecurity scores were 17% lower (PSR: 0.83, *P* = 0.02) among households in which the mother received LNSs than in those who received IFA through pregnancy and the first 3 mo postpartum. In periods 3--5 of the RDNS trial, food-insecurity scores were 15% lower (PSR: 0.85, *P* = 0.02) in households in which the child received LNSs from 6 to 24 mo of age than in households in which the child did not receive supplementation.

###### 

Seasonally adjusted HFIAS scores by combined intervention groups among households of the women and/or children who participated in randomized trials in Malawi (DOSE and DYAD-M), Ghana (DYAD-G), and Bangladesh (RDNS)[^1^](#tblfn6){ref-type="table-fn"}

                                                                          HFIAS score (95% CI)   *P*
  ----------------------------------------------------------------------- ---------------------- ------
  DOSE (*n* = 1912)                                                                              0.43
   LNS                                                                    4.35 (4.10, 4.61)      
   No LNS                                                                 4.12 (3.61, 4.63)      
  DYAD-M (*n* = 2674)[^2^](#tblfn7){ref-type="table-fn"}                                         0.01
   LNS                                                                    3.81 (3.47, 4.15)      
   No LNS                                                                 4.45 (4.16, 4.73)      
  DYAD-G (*n* = 3140)                                                                            0.86
   LNS                                                                    1.78 (1.49, 2.08)      
   No LNS                                                                 1.82 (1.59, 2.05)      
  RDNS, periods 1 and 2 (*n* = 7204)[^3^](#tblfn8){ref-type="table-fn"}                          0.02
   Maternal LNS                                                           1.60 (1.31, 1.89)      
   No maternal LNS                                                        1.94 (1.66, 2.21)      
  RDNS, periods 3--5 (*n* = 10,301)[^4^](#tblfn9){ref-type="table-fn"}                           0.02
   Child LNS                                                              1.74 (1.38, 2.11)      
   No child LNS                                                           2.06 (1.64, 2.49)      

Combined intervention groups are defined in [Table 1](#tbl1){ref-type="table"}. For DOSE, DYAD-M, and DYAD-G, group values are average marginal mean seasonally adjusted HFIAS scores over all periods of food-security data collection estimated with negative binomial models with household-level robust variance and fixed effects of period of food-security data collection. For RDNS, group values are average marginal mean seasonally adjusted HFIAS scores over indicated periods of food-security data collection estimated with mixed-effect negative binomial models with random effects of household, work area, and union, fixed effects of period of food-security data collection, and adjusted for baseline seasonally adjusted HFIAS score. DYAD-G, DYAD trial in Ghana; DYAD-M, DYAD trial in Malawi; HFIAS, Household Food Insecurity Access Scale; LNS, lipid-based nutrient supplement; PSR, predicted score ratio; RDNS, Rang-Din Nutrition Study.

PSR: 0.86, *P* = 0.01.

PSR: 0.83, *P* = 0.02.

PSR: 0.85, *P* = 0.02.

As a sensitivity analysis, we estimated marginal mean seasonally adjusted HFIAS scores by assigned intervention groups ([**Table 5**](#tbl5){ref-type="table"}). There were no differences between intervention groups in the DOSE or DYAD-G trials, but there were significant differences in food-insecurity scores between intervention groups in the DYAD-M trial (*P* = 0.02) and periods 3--5 of the RNDS trial (*P* = 0.04). Pairwise tests showed that in the DYAD-M trial, household food-insecurity scores were 15% lower in the LNS group than in the IFA group (PSR: 0.85, *P* = 0.04), and there was a trend toward a difference between the LNS group and the multiple-micronutrient group (PSR: 0.86, *P* = 0.05). In the RDNS trial, pairwise tests showed that household food-insecurity scores were 25% lower (PSR: 0.75, *P* = 0.03) in the comprehensive LNS group than in the control group. Household food insecurity was not significantly different between any other pairs of intervention groups.

###### 

Seasonally-adjusted HFIAS scores by assigned intervention groups among households of the women and/or children who participated in randomized trials in Malawi (DOSE and DYAD-M), Ghana (DYAD-G) and Bangladesh (RDNS)[^1^](#tblfn10){ref-type="table-fn"}

                                                                         HFIAS score (95% CI)   *P*[^2^](#tblfn11){ref-type="table-fn"}
  ---------------------------------------------------------------------- ---------------------- -----------------------------------------
  DOSE (*n* = 1912)                                                                             0.47
   LNS, 40 g                                                             4.54 (4.14, 4.94)      
   LNS, 20 g                                                             4.30 (3.87, 4.72)      
   LNS, 10 g                                                             4.07 (3.52, 4.62)      
   Control                                                               4.12 (3.61, 4.63)      
  DYAD-M (*n* = 2674)[^3^](#tblfn12){ref-type="table-fn"}                                       0.02
   LNS                                                                   3.81 (3.47, 4.15)      
   MMN                                                                   4.42 (4.04, 4.79)      
   IFA                                                                   4.48 (4.06, 4.90)      
  DYAD-G (*n* = 3140)                                                                           0.75
   LNS                                                                   1.78 (1.49, 2.08)      
   MMN                                                                   1.73 (1.43, 2.03)      
   IFA                                                                   1.09 (1.56, 2.24)      
  RDNS, periods 3--5 (*n* = 10301)[^4^](#tblfn13){ref-type="table-fn"}                          0.04
   Comprehensive LNS                                                     1.64 (1.26, 2.01)      
   Child-only LNS                                                        1.87 (1.42, 2.31)      
   Child-only MNP                                                        1.96 (1.52, 2.41)      
   Control                                                               2.17 (1.67, 2.68)      

Total sample size over all periods of data collection indicated by "*n*." Intervention groups defined in [Table 1](#tbl1){ref-type="table"}. DOSE intervention groups combine "with" and "without" milk groups at each dosage of LNS. For DOSE, DYAD-M, and DYAD-G, group values are average marginal mean seasonally-adjusted HFIAS scores (95% CIs) over all periods of food-security data collection estimated with negative binomial models with household level robust variance and fixed effects of period of food-security data collection. For RDNS group values are average marginal mean seasonally-adjusted HFIAS scores (95% CIs) over indicated periods of food-security data collection estimated with mixed effect negative binomial models with random effects of household, work area, and union, fixed effects of period of food-security data collection, and adjusted for baseline seasonally-adjusted HFIAS score. HFIAS, Household Food Insecurity Access Scale; IFA, iron-folic acid; LNS, lipid-based nutrient supplement; MMN, multiple micronutrient; MNP, micronutrient powder; PSR, predicted score ratio; RDNS, Rang-Din Nutrition Study.

*P* values for Wald tests of joint significance of intervention groups.

LNS compared with IFA: PSR = 0.85, *P* = 0.04; MMN compared with IFA: PSR = 0.98, *P* = 0.99; LNS compared with MMN: PSR = 0.86, *P* = 0.05.

Comprehensive LNS compared with Control: PSR = 0.75, *P* = 0.03; Child-only LNS compared with Control: PSR = 0.86, *P* = 0.58; Child-only MNP compared with Control: PSR = 0.90, *P* = 0.89; Comprehensive LNS compared with Child-only LNS: PSR = 0.88, *P* = 0.72; Comprehensive LNS compared with Child-only MNP: PSR = 0.83, *P* = 0.34; Child-only LNS compared with Child-only MNP: PSR = 0.95, *P* = 0.99.

**[Figures 1](#fig1){ref-type="fig"}--[3](#fig3){ref-type="fig"}** (and **Supplemental Tables 4--7**) show the estimated marginal mean seasonally adjusted HFIAS scores by combined groups for each period of data collection. There were no significant differences in any period between the LNS group and the groups without LNSs in either the DOSE ([Figure 1](#fig1){ref-type="fig"}) or DYAD-G ([Figure 2B](#fig2){ref-type="fig"}) trials. In the DYAD-M trial ([Figure 2A](#fig2){ref-type="fig"}), household food-insecurity scores were significantly lower among the LNS households compared with the no LNS households when the children in the trial were 5--10.9 mo old (PSR: 0.49, *P* = 0.04) and when the children were 11--15.9 mo old (PSR: 0.39, *P* = 0.002). In the RDNS trial there was no significant difference by group in seasonally adjusted HFIAS scores at baseline or in period 1 when the children were 0--4.9 mo old ([Figure 3A](#fig3){ref-type="fig"}), but household food-insecurity scores were significantly lower (PSR: 0.60, *P* = 0.002) in the LNS group when the children were 5--6.9 mo of age. During periods 3--5, when the children in the LNS groups received the supplement directly, food-insecurity scores were significantly lower in the LNS group when the children were 11--12.9 mo old (PSR: 0.96, *P* = 0.03) and marginally significant when they were 16--18.9 mo old (*P* = 0.07) and ≥23 mo old (*P* = 0.08).

![Estimated marginal mean seasonally adjusted HFIAS scores by combined intervention group and period of data collection among households of the children who participated in the DOSE randomized trial in Malawi (*n* = 1912). Estimates are from negative binomial models with household-level robust variance and group-by-period interactions. There was no difference in food insecurity between the group with LNSs and the group without LNSs in either period. HFIAS, Household Food Insecurity Access Scale; LNS, lipid-based nutrient supplement.](jn257386fig1){#fig1}

![Estimated marginal mean seasonally adjusted HFIAS scores by combined intervention group and period of data collection among households of the women and their children who participated in the DYAD randomized trial in Malawi (*n* = 2674) (A) and the DYAD randomized trial in Ghana (*n* = 3140) (B). All estimates are from negative binomial models with household-level robust variance and group-by-period interactions. \*\*,\*\*\*PSR between the group with LNSs and the group with no LNSs at the indicated age: \*\**P* \< 0.05, \*\*\**P* \< 0.01. HFIAS, Household Food Insecurity Access Scale; LNS, lipid-based nutrient supplement; PSR, predicted score ratio.](jn257386fig2){#fig2}

![Baseline and periods 1 and 2 (*n* = 7204) (A) and periods 3--5 (*n* = 10,301) (B) estimated marginal mean seasonally adjusted HFIAS scores by combined intervention group and period of data collection among households of the women and their children who participated in the RDNS randomized trial in Bangladesh. Baseline estimates are from mixed-effect negative binomial models with random effects of work area and union. Postbaseline estimates are from mixed-effect negative binomial models adjusted for baseline seasonally adjusted HFIAS score and random effects of union, cluster, and household and group-by-period interactions. \*,\*\*,\*\*\*PSR between the group with LNSs and the group with no LNSs at the indicated age: \**P* \< 0.1, \*\**P* \< 0.05, \*\*\**P* \< 0.01. HFIAS, Household Food Insecurity Access Scale; LNS, lipid-based nutrient supplement; PSR, predicted score ratio; RDNS, Rang-Din Nutrition Study.](jn257386fig3){#fig3}

Adjusting for additional baseline covariates (**Supplemental Tables 8--13**) did not generally improve the precision of the estimated effects and resulted in qualitatively similar results, although the estimated differences between RDNS intervention groups were attenuated. Interaction tests to examine heterogeneity in the effect of receiving LNS on household food insecurity revealed no modification by any of the prespecified potential effect modifiers in any of the trials.

### Drivers of the effect.

The HFIAS questions captured 3 domains of food insecurity. The first, anxiety and uncertainty about the household food supply, was captured by asking whether the respondent worried that the household would not have enough food. The second was insufficient dietary quality, which was captured by asking about the lack of resources leading to an inability to eat preferred foods, the need to eat a limited variety of foods, and eating unwanted foods. Finally, the third domain, insufficient food intake and its physical consequences, was captured by asking about eating smaller meals than respondents felt were needed, eating fewer meals in a day, having no food in the household, going to sleep at night hungry, and going a full day and night without eating. To understand which aspects of food insecurity in particular were influenced by the receipt of LNSs by households in the DYAD-M and RDNS trials, we estimated the effect of combined intervention group over the course of all food-security data collection periods on the probability of experiencing each of the 9 food-insecurity access conditions at least once in the 4-wk recall period.

In the DYAD-M trial ([**Figure 4**](#fig4){ref-type="fig"}), the probability of worrying about not enough food was significantly lower in the group that received LNSs than in the group that did not. In terms of insufficient quality, households that received LNSs had lower probabilities of being unable to eat preferred foods, eating a limited variety of foods, and having to eat unwanted foods than did households that did not receive LNSs. And finally of the questions pertaining to insufficient food intake, households that received LNSs had a lower probability of eating smaller meals than did households that did not receive LNSs.

![Average predicted probability over all periods of food-security data collection of experiencing the food-insecurity access condition ≥1 time in the 4-wk recall period among households of the women and their children who participated in the DYAD randomized trial in Malawi (*n* = 2674). Predicted probabilities were estimated by using logistic models with household-level robust variance. \*,\*\*,\*\*\*Difference in the predicted probability between the group with LNSs and the group with no LNSs: \**P* \< 0.1, \*\**P* \< 0.05, \*\*\**P* \< 0.01. LNS, lipid-based nutrient supplement.](jn257386fig4){#fig4}

In the RDNS trial during periods 1 and 2 and periods 3--5 ([**Figure 5**](#fig5){ref-type="fig"}), households that received LNSs for maternal (child) consumption had lower probabilities of worrying about not enough food, being unable to eat preferred foods, eating a limited variety of foods, and eating fewer meals. During periods 1 and 2, households that received LNSs for maternal consumption also had a lower probability of eating fewer meals, and during periods 3--5 households that received LNSs for child consumption were also less likely to eat unwanted foods.

![Average predicted probability across periods 1 and 2 (*n* = 7210) (A) and periods 3--5 (*n* = 10,310) (B) of experiencing the food-insecurity access condition ≥1 time in the 4-wk recall period among households of the women and their children who participated in the Rang-Din Nutrition Study randomized trial in Bangladesh. Predicted probabilities were estimated by using logistic mixed models with random effects of household, work area, and union. \*\*Difference in predicted probability between the maternal (child) group with LNSs and the maternal (child) group with no LNSs, \*\**P* \< 0.05. LNS, lipid-based nutrient supplement.](jn257386fig5){#fig5}

[**Figures 6**](#fig6){ref-type="fig"} and [**7**](#fig7){ref-type="fig"} show, by combined intervention groups, the average predicted probabilities that households reported relying on each coping strategy at least once in the 4-wk recall period. For DYAD-M, there were no significant group differences in any of these over the course of all food-security data collection periods. In the RDNS trial, only the questions about borrowing money and borrowing food had sufficient variation to warrant statistical analysis. As shown in [Figure 7](#fig7){ref-type="fig"}, on average across the 2 periods, households that received LNSs for the child were less likely to borrow food (*P* = 0.001) and less likely to borrow money to buy food (*P* = 0.01) than were households that did not receive LNSs for the child.

![Average predicted probability of relying on a food-insecurity coping strategy ≥1 time in the 4-wk recall period among households of the women and their children who participated in the DYAD randomized trial in Malawi (*n* = 2674). Predicted probabilities were estimated by using logistic models with household-level robust variance. There were no differences in predicted probabilities between groups with and without LNSs. LNS, lipid-based nutrient supplement.](jn257386fig6){#fig6}

![Average predicted probability during periods 3--5 of relying on a food-insecurity coping strategy ≥1 time in the 4-wk recall period among households of women and their children who participated in the Rang-Din Nutrition Study randomized trial of LNS in Bangladesh (*n* = 6889). Predicted probabilities were estimated by using logistic mixed models with random effects of household, work area, and union. \*\*\*Difference in predicted probability between the child group with LNSs and the child group with no LNSs, *P* \< 0.01. LNS, lipid-based nutrient supplement.](jn257386fig7){#fig7}

Discussion
==========

The results of these analyses suggest that the provision of LNSs influenced household food insecurity in some contexts but not others. To our knowledge, this is the first study to evaluate the effects of supplementation with a food-based product such as LNSs on an experience-based measure of food insecurity. In the DOSE efficacy trial in Malawi and the DYAD-G efficacy trial, there were no significant differences in food insecurity between households that received LNS and households that did not. However, in the DYAD-M efficacy trial and the RDNS effectiveness trial in Bangladesh, household food insecurity as measured by a seasonally adjusted HFIAS score was lower among households that received LNSs for mothers during pregnancy and the first 6 mo postpartum and for their children from 6 to 18 or 24 mo of age than among households that did not receive LNSs. In both the DYAD-M and RDNS trials, the difference in food insecurity by group appeared to be driven primarily by differences in anxiety and uncertainty about the household food supply and in insufficient food quality.

Bearing in mind that some coping strategies may not be available to the most food-insecure and resource-poor households (such households may lack access to credit, for example, leaving them unable to borrow money to buy food) ([@b6]), in the DYAD-M trial the difference in food insecurity did not translate into differences in how households coped with food insecurity. In the RDNS trial, however, households that received LNSs for the child had a lower probability of reporting borrowing food or money to buy food as a means to cope with food shortages in their households.

The variability of our findings across the 4 trials merits discussion. The null effect in the DYAD-G trial is not particularly surprising and is likely explained by the low prevalence of food insecurity among the Ghanaian sample. Because the households that participated in the DOSE and DYAD-M trials were drawn from a very similar population in Malawi, the null effect in the DOSE trial is less easily explained in light of the positive effect in the DYAD-M sample. A key difference between the 2 trials in Malawi was that DYAD-M was comprehensive from pregnancy through 18 mo postpartum, whereas DOSE provided LNSs only to children from 6 to 18 mo of age. Perhaps the continuity of a reliable source of food-based nutrients throughout a large proportion of the first 1000 d provided a nutritional safety-net of sorts that made mothers feel more secure in their ability to meet nutrient needs during this critical period, resulting in less worry about having inadequate food and less need to rely on lower-quality or less-preferred foods. It is also noteworthy that analyses of the impact of LNSs on infant feeding practices showed a similar pattern of effects; the provision of LNSs improved complementary feeding practices in the DYAD-M trial (at 18 mo of age, children who received LNSs were more likely to meet the WHO criterion for frequency of complementary feeding and less likely to have a low frequency of consumption of animal‐source foods in the previous week), but feeding practices were not affected in the DOSE (or DYAD-G) trials ([@b26]).

Because the HFIAS score is a self-reported measure of household food insecurity, it is possible that respondents either over- or understated their food-insecurity experiences or that the provision of LNSs changed the nature and extent of that reporting bias. We acknowledge the potential for respondent bias in our measurement of household food insecurity, but this concern is at least partly mitigated by the fact that respondents were asked about food insecurity several times over the span of ≥1 y, making it less likely that respondents may have expected that their answers could affect services provided to the household. A similar concern is that because the respondent to the food-insecurity questionnaire was, in almost all cases, the mother of the child who was receiving LNSs or the mother enrolled in the trial, it is possible (perhaps even likely) that the effects on food insecurity reported here reflect respondents' personal experiences with food insecurity and may not necessarily reflect effects at the household level. We acknowledge this limitation but also note that improvements in food security among vulnerable household members are encouraging regardless of diffusion throughout the household.

Another limitation is that the HFIAS is not crossculturally valid primarily because of variation in how some concepts in the HFIAS questions (e.g., "worry") are interpreted in different cultures as well as the crosscultural variation in the degree of food insecurity in which the concepts typically become relevant ([@b10]). As such, we cannot compare the HFIAS scores across our samples, nor can we compare the magnitude of the effect of receiving LNSs on the HFIAS score between Malawi and Bangladesh.

A final consideration concerns the external validity of our results. Our findings were generated in the context of efficacy and effectiveness trials where the costs households faced in accessing LNSs were, by design, very low. In the DOSE, DYAD-M, and DYAD-G trials, supplements were regularly delivered to households by study staff, whereas in the RDNS trial, supplements were regularly delivered to households by LAMB community health workers and village health volunteers. It is unlikely that the observed effects on food insecurity would also arise if households faced monetary costs to access LNSs.

We conclude that the daily provision of LNSs throughout much of the first 1000 d improved the access dimension of household food security in Malawi and in Bangladesh. The absolute size of the effect of receiving LNSs on food insecurity was small in both sites, particularly in Bangladesh where levels of food insecurity were relatively low. However, in both trials the LNSs provided only 118 kcal/d, so any detectible effect that persisted over multiple periods during the trials may be noteworthy. Experience-based measures of food insecurity have been shown to be associated with diverse negative outcomes in developing-country settings, such as anxiety and depressive symptoms ([@b27]), including specifically among mothers ([@b28]) and pregnant women ([@b29]), child undernutrition ([@b30], [@b31]), poor antenatal and postnatal maternal dietary diversity ([@b32]), and lower subjective wellbeing ([@b33]). Given the evidence linking food insecurity to mental health, nutritional status, and behavior, even small improvements in household food security might be beneficial during pregnancy and early childhood.

The role LNSs will play in efforts to prevent early childhood undernutrition is ultimately a policy decision. The results presented here provide new information for decision makers to consider when setting all of the potential benefits of LNSs alongside all of the associated costs. In circumstances where household costs associated with accessing LNSs would be very low (via targeted subsidies, for example), these results suggest that the provision of LNSs has the potential to bring about a small reduction in the prevalence of experience-based food-insecurity conditions, such as worry about insufficient food and inadequate diet quality. Given the magnitude of the effects and the costs associated with providing LNSs, investing in LNSs solely as a means to improve food security would presumably not be cost-effective. Rather, where policy makers chose to invest in LNSs to address child growth and development, improved food security could be viewed as an additional benefit that may accrue in some settings.

We thank Boateng Bannerman, Harriet Okronipa, John Phuka, John Sadalaki, Austrida Gondwe, Nozgechi Phiri, Zakia Siddiqui, Mokbul Hossain, Ahmedul Hasan Khan, Atikul Islam Shah, Jyotish Chadra Mallik, Swapan Kumar Chanda, and Golam Sarwar; Per Ashorn, Kenneth Brown, Jean Bosco Ouedraogo, and Mamane Zeilani for their leadership of the iLiNS Project Steering Committee (<http://ilins.org/>); and Camila Chaparro, Zeina Maalouf-Manasseh, and Megan Deitchler from Food and Nutrition Technical Assistance Project. The authors' responsibilities were as follows---KGD, SAV, AL, SA-A, KMM, UA, MA, MKM, and SLM: designed the research; SA-A, EA, TEP, and MKM: supervised the data collection; KPA: conducted the statistical analysis; KGD, CDA, and JC: advised on the analysis; KPA and KGD: wrote the manuscript; EA, TEP, MKM, SA-A, MA, CDA, JC, SH, CK, SLM, UA, AL, KMM, and SAV: reviewed the draft manuscript; and all authors: read and approved the final manuscript and accepted final responsibility for the manuscript.

Abbreviations used: DYAD-G, DYAD trial in Ghana; DYAD-M, DYAD trial in Malawi; HFIAS, Household Food Insecurity Access Scale; IFA, iron-folic acid; iLiNS, International Lipid-based Nutrient Supplements; LNS, lipid-based nutrient supplement; PSR, predicted score ratio; RDNS, Rang-Din Nutrition Study.

[^1]: Supported in part by a grant to the University of California, Davis from the Bill & Melinda Gates Foundation, with additional support from the Office of Health, Infectious Diseases, and Nutrition, Bureau for Global Health, US Agency for International Development under the terms of cooperative agreement AID-OAA-A-12-00005, through the Food and Nutrition Technical Assistance III Project, managed by FHI 360. This is an open access article distributed under the CC-BY license (<http://creativecommons.org/licenses/by/3.0/>).

[^2]: Author disclosures: KPA, EA, TEP, MKM, SA-A, MA, CDA, JC, SH, CK, SLM, UA, AL, KMM, SAV, and KGD, no conflicts of interest.

[^3]: The findings and conclusions contained within are those of the authors and do not necessarily reflect positions or policies of the Bill & Melinda Gates Foundation, USAID, or the US government.

[^4]: Supplemental Methods 1 and 2 and Supplemental Tables 1--13 are available from the "Online Supporting Material" link in the online posting of the article and from the same link in the online table of contents at <http://jn.nutrition.org>.
